Purpose: To evaluate the effects of hyperbaric oxygenation on prevention of adhesions in the abdominal cavity after laparotomy. Methods: Fifty four rats underwent laparotomy; stitches were made in the four quadrant parietal peritoneum and abdominal cavity closure. Animals were divided into three groups: 1 -control; 2 -subjected to high pressures and oxygenation; 3 -subjected to 100% hyperbaric oxygenation. The animals in groups 2 and 3 were daily submitted to oxygenation hyperbaric chamber after surgery. On the seventh day another laparotomy, registration of procedure, assessment of adhesions and biopsies of the peritoneum were held. Professionals analyzed the videos and the biopsies. Results: Peritoneal cavity adhesions occurred in animals of three groups with no difference between them. In Group 3, the adhesions presented more fragile and vascular proliferation more pronounced, and there was no difference in comparison with the first and second groups. However, there was no significant difference in the evaluation of these parameters between the animals in groups 1 and 2. Conclusions: Postoperative hyperbaric oxygenation in rats submitted to laparotomy did not alter the frequency, but reduced the density of adhesions in the peritoneal cavity and promoted vascular proliferation. The change in atmospheric pressure alone had no influence on the results.
species Rattus novergicus and Wistar strain, with an average of two months of age, whose weight varied from 250 to 280g. The animals were provided by the Institute of Biological Sciences of UFMG and remained in quarantine for 48 hours without signs or symptoms of diseases that would justify their exclusion from research. Surgical procedures were performed in the Nucleus of Animal Experimentation of the UFMG Medical School. During the experiment, the animals were housed in cages, evaluated daily, received industrial feed twice a day (Presence rats and mice ® ), filtered water at will and daily sanitization of cages and the environment. In the immediate postoperative period they were housed in individual cages to prevent wounds and aggression caused by the surgical wound.
All the animals of the three groups were subjected to the same surgical procedure on the same day and distributed randomly in three groups of 18 animals, according to established standardization for each group, i.e.:
• Group 1-laparotomy (control)
• Group 2-laparotomy, oxygenation to 21% and 2.5 atmospheres
• Group 3-laparotomy, oxygenation to 100% and 2.5 atmospheres
In order to minimize stress, animals were transferred to the experiment room in individual cages moments before the surgical procedure. General anesthesia was performed through the association of Ketamine at a dose of 70 mg/kg and Xylazine at a dose of 10 mg/kg intramuscular injection, according to protocol and guidelines of the Committee of Ethics in Animal Experimentation (CETEA). The animals were immobilized in dorsal decubitus on Styrofoam board capped with plastic by applying strips of tape in the upper and lower limbs. The antisepsis of the ventral region was done with a solution of chlorhexidine.
■ Introduction
Adhesions represent one of the major problems arising from surgical procedures in the abdominal cavity, since their incidence is high, they cause complications and their prevention is still a challenge. The main consequences are: chronic abdominal pain; secondary infertility in women; obstruction, ischemia and intestinal perforation; more difficult reoperations with longer duration, higher risk of complications and increased mortality. In addition, after surgical treatment of adhesions, complications can arise and require new laparotomies for adhesion removal and treatment of complications 1, 2 .
Surveys were carried out with the aim of finding ways to prevent adhesions formation in the peritoneal cavity [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . It is known that the supply of oxygen in tissues is vital in the process of repair after peritoneal trauma and determinant in healing, which reflects in the prevention of adhesions. Studies have shown that hyperbaric oxygenation contributes to the treatment of wounds, either by the shorter healing time or by the decrease of the infection. This therapy has been used in various conditions with good results 16, 17 , however, the studies on the formation of adhesions in the abdominal cavity after laparotomy are still incipient.
The present study aimed to evaluate the effects of hyperbaric oxygenation on prevention of adhesions and contribute to the reduction of these frequent complications in patients undergoing laparotomy.
■ Methods
This research was approved by the Departmental Chamber, Surgery Department of the Medical School, UFMG and by the Animal Research Ethics Committee (No. 169/10).
The sample consisted of 54 rats of the The surgical procedure consisted of: median incision of 4cm long, starting 1cm of xiphoid process and extending to the pubis; four stitches with 2-0 silk, followed by two stitches in peritoneum parietal 1cm lateral to the midline incision, in all four quadrants, top and bottom, right and left, to stimulate local reaction and formation of adhesions ( Figure  1) ; suture in single plan with 3-0 nylon and cleaning surgical wound with chlorhexidine to remove blood samples and reduce the risk of self-harm. It was used ketoprofen at a dose of 3mg/kg subcutaneously every 12 hours in the first few days after surgery for analgesia. The animals from Group 1 (control) were subject only to the surgical procedure.
Animals of groups 2 and 3 were also submitted to the oxygenation in the hyperbaric chamber with 2,5atm pressure, in daily session, lasting 90 minutes during six days after the surgical procedure. The total time of oxygenation was 120 minutes, the first 15 minutes were used to gradual compression and the last 15 for gradual decompression
The animals from Group 2 were submitted to 21% oxygenation and group 3 to 100%. Hyperbaric oxygenation in both groups was held simultaneously in separate chambers.
On the seventh day after surgery (Group 1) and the next day at the end of the hyperbaric oxygenation (groups 2 and 3), which corresponds to the seventh day of the postoperative period, the animals underwent euthanasia in CO 2 chamber. In all animals laparotomy were performed in "U" shape to enable the opening of the cavity and evaluate the adhesions without damaging them. Initially it was made a transverse suprapubic incision and two incisions parallel to the first laparotomy scar and laterally to the points with silk stitches applied in the parietal peritoneum.
After opening the abdominal cavity, the abdominal wall elevation and the tension necessary to cause the adhesion rupture were recorded by means of photo and filming. In cases where the adhesion did not rupture by simple traction, anatomical tweezers were used to evaluate the resistance of each one of them. This documentation was recorded in spreadsheet without specifying which group each animal belonged to ( Figure 2 ). Samples of peritoneum were collected in four quadrants (left and right, top and bottom) and in the surgical wound, totaling five samples for each animal, that were identified by numbers. The material was fixed with 10% formaldehyde and sent to anatomopathological examination with the numbering of each animal, without identifying the group. The slides were stained with hematoxylin and eosin (HE). The peritoneal biopsies histology were evaluated regarding the following aspects: inflammation, fibrosis and vascular proliferation, according to the modified classification by Irkorucu 18 . Those biopsies were histological classified among fibrosis, inflammation and vascular proliferation and each of these histologic alterations were graduated between 1 and 2.
• Fibrosis were considered:
o light (1) when there were loose connective stroma;
o intense (2) when there were dense connective stroma.
• Inflammation were considered: o intense (2) when had many inflammatory cells and microabsces.
• Vascular proliferations were classified as:
o light (1) when there were low to moderate vascularization;
o intense (2) when it was very vascularized.
The pathologist recorded the individual rating of each slide and, later, the general classification for each rat according to the assessment of the four quadrants.
The animals were divided into two groups, graduate light and intense, with the purpose of statistical analysis of the sample. The histopathological exam has dichotomization between animals classified as light and intense aspect (Figures 3 to 5). Three surgeons evaluated the videos individually, without knowing which group the animal belonged to. Each observer issued the graduation result of adhesions of each animal based on macroscopic classification of Mazuji et al. 19 , prevailing the largest degree:
• 0 -absent of adhesions;
• 1 -small and irregular;
• 2 -easily separable of medium intensity;
• 3 -tough and difficult separation;
• 4 -very tough difficult separation and homogeneus.
This range made it possible to outline the population under study in order to identify variations of characteristics of adhesions. It was subsequently held the distribution of animals in two groups: fragile adhesions (grade between zero and two) and tough adhesions (animals graded between three and four). This dichotomization has been developed to enable the statistical comparison and evaluation.
For statistical analysis between the groups the animals were classified according to the adhesions characteristics. The fragile are easy to break and possibility of reabsorption (fibrinolysis), as well as potentially failing to present effective risk by generating mechanical obstruction. The toughs are considered difficult to break and probably permanent. The same criteria were applied in the microscopic evaluation of fibrosis, inflammation and vascular proliferation as mild and intense.
The comparison between the three groups of animals, regarding the characteristics of the adhesions, was performed using the Fisher test in the Epi Info TM 7 software, as follows:
• Groups 1 and 3 were compared in order to verify the changes between two variables -the 100% oxygen and 2.5 atmospheres pressure -and if the association of both would cause changes in the results;
• Groups 2 and 3 were compared to assess only the variable oxygenation, as the two groups were subjected to the same procedures, displacements and hyperbaric sessions;
• Groups 1 and 2 were compared to verify if oxygenation pressure change alone would determine changes in the formation of adhesions.
■ Results
Group 1 (control) and group 2 (21% oxygenation) presented adhesions. The animals from Group 3 (100% hyperbaric oxygenation) showed a significantly higher number of adhesions of the fragile type than the animals in the control group (p = 0.002) and the 21% oxygen group (p = 0.01), and in one of them there was no adhesion.
In the comparison between control and 100% oxygenation groups, it was found the presence of fibrosis, characterized as light and intense, showed no significant difference (p = 0.66), as well as the presence of Inflammation (p = 0.40). On the other hand, vascular proliferation characterized as intense involved most animals undergoing 100%, oxygenation (p = 0.02).
In the comparison between groups of animals with oxygenation at 100% and 21%, that the presence of fibrosis, characterized as light and intense, showed no significant difference (p = 0.66), as well as the presence of Inflammation (p = 0.40). On the other hand, vascular proliferation characterized as intense occurred with more expressiveness in animals subjected to the 100% oxygen (p = 0.02).
Regarding the adhesions of the peritoneal cavity characterized as fragile and tough, they were found in both groups, with no significant difference (p = 0.73).
The presence of fibrosis, inflammation and vascular proliferation in the peritoneum was observed in animals of the control group and the 21% oxygen, with no significant difference (p = 1.00) ( Table 1) . 
Table 1 -Comparison between the three groups of animals related to the intensity of adhesions in the peritoneal cavity and microscopic changes during diferent oxigenation levels.

Groups of animals
■ Discussion
This research made it possible to evaluate the pathophysiological changes of the surgical procedure and the prophylactic efficacy of hyperbaric oxygenation. The formation of adhesions relates, for the most part, with injuries that occur during surgery causing mainly imbalance in the interaction of coagulation, fibrinolytic systems and inflammatory 20, 21 . Based on this principle, and considering that ischemia is the major inducer of adhesion formation 22, 23 , the proposal was elaborated on the preventive potential of hyperbaric oxygenation. Encouraged by this possibility, the pilot project was carried out, which led to the delineation of the methodology.
The survey was conducted in rats because they have characteristics that facilitate the experiment, as lower morbidity and mortality, good resistance to infections and surgical procedures, easy processing and handling and reproducibility of the experiment.
In a comparative study of adhesionforming models, in the search for a consistent model, the suture in the parietal peritoneum was proposed by Whang et al. 24 , due to the easy reproducibility that allows standardization of the measurement. We opted for modifications of the model, based on the works of 25, 26 , namely, interventions in four quadrants, avoiding the concentration of adhesions in one region and the suture wire used was 2-0 silk.
Regarding hyperbaric oxygenation, there is a committee that defines its applicability in tissue ischemia, ischemic ulcers, diabetic and pressure, fascia inflammation, osteomyelitis, carbon monoxide poisoning and gas embolism. However, the indications are increasing over the years 20, 21, [27] [28] [29] . Systemic oxygenation is changed by oxygen provided at 100% when applied at high pressure as it increases the partial pressure of oxygen and its solubility in blood plasma. The greater oxygenation in traumatized regions and in ischemic tissue promotes the downfall of pro-inflammatory stimulation by inhibiting the regulation of cytokines and growth factors. Oxygen is directly related to increased resistance to infection, synthesis of collagen and neovascularization. In addition, the alternation of hyperoxia and normal oxygenation improves microvascular perfusion, by stimulating neovascularization in the region because it causes the interpretation of low oxygenation after hyperoxia as a state of hypoxia. With the increased oxygen intake, mediators like prostaglandins, cytokines and nitric oxide, responsible for the inhibition of fibrinolysis and collagen deposition, decrease considerably and contribute to the adhesions to be undone and not organized into resistant and definitive.
Aware of these factors, in the present study, hyperbaric oxygenation sessions were initiated the day after the surgical procedure to avoid stress other than surgical stress and increased morbidity and mortality of the animals by moving them to the hyperbaric treatment center. We opted for a daily session based on studies that have found that intermittent exposure to oxygen can be enough to meet the needs of the ischemic tissue reported that the effectiveness of increasing the concentration of oxygen in the tissues occurs within the period of 90 minutes 18, 23, 30 . In lower periods, the procedure was ineffective and, in longer periods, may increase the risk of complications.
The animal reoperations were programmed for the seventh day of the postoperative, as proposed by Cheong et al. 31 and Molinas et al. 32 , because these authors reported that in the period of five to eight days, the healing process occurred almost entirely.
In the present study, there was no significant difference between the groups in the frequency of abdominal adhesions. In rats subjected to 100% oxygenation and 2.5atm pressure (group 3), fragile adhesions were observed, with a significant difference in comparison with the other groups. In this group there were also significant increase in vascular proliferation, in comparison with the other groups, which may have contributed to the decline of local ischemia and consequent change of the intensity of intra-abdominal adhesions. This result is in accordance with the statement by Munireddy and colleagues 33 that the hyperbaric oxygenation is able to diminish the deleterious effects caused by the surgical trauma, by acting in the process of ischemia and reperfusion. This effect may be due to the reduction of free radicals and nitric oxide, since these substances present in greater quantity in the ischemic tissue, can promote the growth of collagen, causing organization and persistence of adhesions 21 .
The existence of high frequency of fragile adhesions on the seventh postoperative day of rats submitted to 100% hyperbaric oxygenation (Group 3), suggests that this procedure may be useful in prevention of tough adhesions after laparotomy. In addition, it should be considered that it is a non-invasive intervention, with no increase in morbidity or mortality or the risk of complications inherent in the surgical process, and with a view to reducing the occurrence of suture dehiscences and formation of infectious processes, as well as the acceleration of wound healing. Yagci et al. 30 concluded that hyperbaric oxygenation on pre and postoperative gastrointestinal anastomosis in patients with deficiency of microcirculation and diabetes decreased the risk of complications.
It is important to note that to take effect, in addition to the 2,5atm pressure, oxygenation is necessary at 100%, since, in the present study, there was no difference in the kind of adhesions when it compared the group of animals subjected to the 21% oxygen and 2.5 atm pressure (Group 2) with the group of animals without hyperbaric oxygenation (control group).
The effectiveness of hyperbaric oxygenation must be refined with beginning the sessions on the day of operation to further improve early tissue oxygenation and thus reduce the initial inflammatory response, the production of cytokines, nitric oxide, prostaglandins and favor the fibrinolytic system since the beginning of the process. In order to effectively assess the effects of hyperbaric oxygenation studies of mesothelial cells or scar tissue are required. The combination of techniques of histology, immunology, biochemistry and immunohistochemistry could identify components involved and changed throughout the healing process.
■ Conclusions
Hyperbaric oxygenation postoperatively in rats undergoing laparotomy did not alter the frequency of adhesions, but reduced the intensity of the same besides promoting peritoneal vascular proliferation in the affected area. Changing only atmospheric pressure did not influence the formation of adhesions.
■
